Recent progress in numerical simulations of thermonuclear supernova explosions brings up a unique opportunity in studying the progenitors of Type Ia supernovae. Coupling state-ofthe-art explosion models with detailed hydrodynamical simulations of the supernova remnant evolution and the most up-to-date atomic data for X-ray emission calculations makes it possible to create realistic synthetic X-ray spectra for the supernova remnant phase. Comparing such spectra with high quality observations of supernova remnants could allow to constrain the explosion mechanism and the progenitor of the supernova. The present study focuses in particular on the oxygen emission line properties in young supernova remnants, since different explosion scenarios predict a different amount and distribution of this element. Analysis of the soft X-ray spectra from supernova remnants in the Large Magellanic Cloud and confrontation with remnant models for different explosion scenarios suggests that SNR 0509-67.5 could originate from a delayed detonation explosion and SNR 0519-69.0 from an oxygen-rich merger.
INTRODUCTION
There is general consensus that SNe Ia are exploding white dwarfs (WDs), composed of carbon and oxygen, where the explosion is triggered by mass transfer from a companion star (e.g. Hillebrandt & Niemeyer 2000) . Traditionally, two classes of potential binary progenitor systems are distinguished: The single-degenerate progenitor channel (SD), in which the companion of the WD is a normal star (Whelan & Iben 1973) , and the double-degenerate channel (DD) with two WDs interacting and merging (Iben & Tutukov 1984) . At present it is unclear whether one of these possibilities is exclusively realized in nature or whether both contribute to the class of SNe Ia. In the past, it was believed that in the SD scenario the exploding WD has to be close to the Chandrasekhar-mass limit to ignite explosive carbon burning, first as a subsonic combustion E-mail:daria.kosenko@gmail.com wave (deflagration) with a likely transition to a detonation after it has expanded to somewhat lower density, in order to be in agreement with the observed lightcurves and spectra. The major disadvantage of this scenario was too low a number of events predicted by binary population synthesis. The DD scenario, on the other hand side, had the disadvantage that theory predicted that the process of merging would lead to an accretion-induced collapse rather than a thermonuclear disruption (see Hillebrandt & Niemeyer 2000 , for a review).
More recently, supported by increasing evidence from observations, the picture has emerged that SNe Ia are a more diverse class of objects (Li et al. 2011) . The SD channel now includes WDs that explode with a mass significantly below the Chandrasekhar mass, the explosion being triggered by the detonation of a layer of helium on top, accreted from the companion, the so-called 'sub-Chandrasekhar double-detonation' scenario (Livne 1990 , Fink, Hillebrandt & Röpke 2007 , Moll & Woosley 2013 ). In fact, this scenario is not limited to the SD channel. It may happen that during the process of merging helium from the outer layers of the companion WD is accreted onto the primary and burns explosively there (Pakmor et al. 2013 ). In addition, the DD channel may include binaries with a He WD as secondary companion instead (see Hillebrandt et al. 2013 , for a recent review).
For our present study it is important that the various explosion scenarios yield element abundances and distributions which can be rather different and can, in principle, be distinguished by observations. For instance, Chandrasekhar-mass delayed-detonation models and the sub-Chandrasekhar ones predict generic differences for the iron-group elements because, in the first scenario, subsonic turbulent nuclear burning at high density goes together with convective mixing (Seitenzahl et al. 2013) , whereas in the second scenario the density at ignition, set by the WD's mass, determines the final abundances and their distribution, and there is no mixing , Shigeyama et al. 1992 . Some DD mergers, on the other hand side, may have iron-group abundances very similar to the SD sub-Chandrasekhar explosions if the secondary WD is left behind unburned.
As far as lighter elements, such as oxygen, are concerned significant differences exist between the various scenarios as well. In DD mergers with a CO WD companion there may be a lot of unburned oxygen in the system, by default a generic feature of models in which the secondary is disrupted but not completely burned (Pakmor et al. 2012) . In contrast, delayed-detonation Chandrasekhar-mass models have little oxygen, but at high velocity (Seitenzahl et al. 2013) , as have accreting sub-Chandrasekhar models . In pure-deflagration Chandrasekhar-mass models, finally, due to mixing, low-velocity oxygen could also be present (Fink et al. 2014) . It is the main goal of this paper to investigate if such differences may leave signatures in the X-ray emission during the supernova's remnant phase.
In a supernova remnant (SNR) when the reverse shock propagates inwards into the SN ejecta, the heated ejecta start to produce thermal X-ray emission, whose properties are determined by the chemical composition of the plasma (Vink 2012 , for a review). We perform numerical hydrodynamical simulations of an SNR evolution for different thermonuclear explosion scenarios. Analysis of the synthetic soft X-ray spectra built from these hydrodynamical models shows that the properties of the respective oxygen emission lines systematically vary from model to model.
To assess the significance of these variations we confront the numerical models with observations of young SNRs located in the Large Magellanic Cloud (LMC), SNR 0509-67.5 and SNR 0519-69.0. To estimate the oxygen contribution to the emission, we use data from the reflective grating spectrometer (RGS) on board the XMM Newton observatory. We consider these objects as good case studies as the available high resolution soft X-ray spectra clearly show the presence of bright oxygen emission lines (Kosenko et al. 2008 , Kosenko, Helder & Vink 2010 . Moreover, these objects are fairly well studied, so that estimates of their dynamical properties (such as size, age and ISM density) are available in the literature.
The structure of the paper is as follows. We outline the explosion models used in this study in Section 2 and describe our method in Section 3. Results from our simulations and the corresponding synthetic X-ray spectra are discussed in Section 4. A detailed description of two LMC remnants and an analysis of the oxygen lines in their spectra are presented in Section 5. A comparison of our models with the observed data is given in Section 6. Finally, we discuss our results in Section 7 and conclude in Section 8.
EXPLOSION MODELS
For the present study we have picked three hydrodynamical models which may be considered as being 'typical' for some of the explosion scenarios introduced in Sect. 1, and for explaining 'normal' SNe Ia. The models were chosen to produce about 0.6 M of 56 Ni in all cases such that the predicted luminosity at peak would agree with 'normal' SNe Ia.
The first model ("subch", 1.1×10 51 erg) is from the class 'sub-Chandrasekhar double detonations' as described in Fink et al. (2010) and Sim et al. (2010) . In the work of Fink et al. (2010) the core detonation is caused by the detonation of a thin He shell of a few 10 −2 M . In contrast, in the Sim et al. (2010) work the CO core detonation is an assumption and the effect of the He layer on lightcurve and spectra is ignored, the goal being to study the general behaviour of such models rather than detailed spectra. The particular model we use here is not described in those papers but was chosen to match the radioactive Ni mass of the other two models discussed below. It consists of a bare 1.1 M CO WD with an artificially ignited central detonation. After explosion, the simulation yields 0.615 M of 56 Ni and the mass of oxygen is 0.07 M , with velocities from about 14,000 to more than 25,000 km/s. Synthetic light-curve and spectra resemble normal SNe Ia rather well.
The second model ("deldet", 1.4×10 51 erg) is a 'classical' delayed-detonation model , Seitenzahl et al. 2013 ). In this model, a Chandrasekhar-mass WD was set up in hydrostatic equilibrium with a central density of 2.9 × 10 9 g cm
and an electron fraction of Y e = 0.498864, corresponding to solar metallicity. An initial deflagration was ignited in 100 sparks placed randomly in a Gaussian distribution within a radius of 150 km from the WD's center in order to get approximately 0.6 M of 56 Ni. After an initial deflagration phase a detonation was triggered at every location on the flame where the fuel density was in the range of 6 to 7 × 10 6 g cm −3 and the grid cell contained preferentially fuel material, provided that the turbulent velocity fluctuations exceeded 10 8 cm s −1 at a significant fraction of the flame area and persisted for sufficiently long times. This loosely follows the criteria proposed by Woosley et al. (2009) . The evolution was followed to a time of 100 s after ignition, by which homologous expansion of the ejecta was reached to a good approximation. This model fits the data of SN 2011fe in M101 reasonably well . The mass of oxygen predicted by the model is 0.101 M , slightly above the sub-Chandrasekhar model presented here. Typical oxygen velocities are in the range from 10,000 to 20,000 km/s.
The third model ("merger", 1.6×10 51 erg) we will use for our comparison with X-ray data is the inspiral, merger, and explosion of two CO WDs with 1.1 M and 0.9 M , respectively. Details of the corresponding simulations are given by Pakmor et al. (2012) . In this simulation, the inspiral and merger phases were followed with a version of the SPH code GADGET (Springel 2005 ) and the subsequent thermonuclear detonation was modeled with techniques similar to those employed in the delayed-detonation model described before. The question of whether a detonation triggers at the interface between the two merging stars is controversial. In our simulations we assumed a detonation to trigger when in one location the temperature exceeded 2.5 × 10 9 K in material of ρ ≈ 2 × 10 6 g cm −3 . Again, the evolution was followed up to 100 s and the composition of the ejecta was determined in a post-processing step. Also this model was used for a comparison with SN 2011fe by Röpke et al. (2012) . Here the oxygen mass in the ejecta is considerably higher than in the two other models, namely 0.492 M and the abundance distribution, in particular that of the iron-group elements is far less symmetric. Typical oxygen velocities range from a few 1000 to 20,000 km/s.
For all three models the element abundances and their distribution differ (Figure 1 ) which will become important when we discuss their X-ray spectra.
METHOD
For our hydrodynamical (HD) simulations of the SNR evolution we apply the SUPREMNA code (Blinnikov et al. 1998 , Sorokina et al. 2004 , Kosenko 2006 . SUPREMNA uses an implicit Lagrangian formulation and takes into account the most important relevant physical processes, such as electron thermal conduction and a self-consistent calculation of the time-dependent ionization of the shocked plasma. The contribution of relativistic cosmic-ray particles to the dynamics is treated in a two-fluid approximation (Kosenko, Blinnikov & Vink 2011) . Since SUPREMNA assumes spherically-symmetric ejecta, we use spherically averaged versions of the multi-dimensional explosion models described above, keeping in mind that there could be complications for the "merger" model.
The HD package is coupled with the most up-to-date atomic data from the SPEX spectral fitting software (Kaastra, Mewe & Nieuwenhuijzen 1996 ) to obtain synthetic X-ray spectra from the modeled SNR. The call of the SPEX routine is executed for each cell of the HD grid. The total spectra are obtained by integrating over the entire model.
NUMERICAL SIMULATIONS
The SNR evolution was modeled for each of the three explosion scenarios. We start the simulations at a time of ∼ 3 years after the explosion (the explosion models were expanded accordingly with the unstable nickel decayed to iron). The remnants expand through a uniform interstellar medium (ISM) with a temperature of 10 4 K and various densities n 0 . We set the ratio of electron to ion temperature to 0.3. Electron thermal conduction was suppressed (Sorokina et al. 2004 ) and diffusive shock acceleration (DSA) processes were neglected. However, we run one model with a moderate DSA efficiency, in order to estimate its impact on the final results.
To illustrate how the composition of the models influence the emission from remnants, synthetic X-ray spectra in the range of (0.45 − 0.7) keV at a remnant's age of ∼ 430 yr are presented in Figure 2 . The spectra are shown for different values of n 0 (marked in the middle column). The lines of O VII at 0.57 keV, O VIII at 0.65 keV, and N VII and N VI at 0.5 keV (marked in the middle row) are visible for all models and ISM densities.
The spectra in Figure 2 reveal that in the "subch" and "deldet" models most of the carbon is depleted, while the "merger" is rich in the light elements. In the "subch" and "deldet" models the ejecta C VI contribution at 0.46 keV is absent, and only the S XIII complex at 0.47 keV is noticeable for n 0 1.0 cm −3 . In the "merger" spectra the sulfur contribution cannot be distinguished as it mixes with the relatively bright carbon line seen as an emission excess at 0.45 − 0.49 keV.
ANALYSIS OF THE OXYGEN EMISSION LINES FOR THE VARIOUS EXPLOSIONS
To estimate the line brightness, we consider the flux (F X ) of a line and its equivalent width EW = (F X − F 0 ) dE/ F 0 dE, where F 0 is the continuum flux at the line centroid. Furthermore, we calculate ratios of the oxygen emission line characteristics relative to those of nitrogen. The latter cannot be produced in a thermonuclear explosion and originates from the ISM 1 . By relating the ejecta emission to the emission from the shocked ISM, we partially eliminate the effects of the unknown properties of the underlying continuum.
The EW is a measure of the total amount of the emitting particles. It takes into account all the particles with different velocities, thus accounting for the effects of the Doppler broadening. However, the EW depends on the continuum level around the line, which includes thermal and non-thermal components and depends on unknown plasma parameters (ion and electron temperatures, density, filling factor, etc.). In addition, our 1D hydrodynamical method cannot predict the X-ray continuum with sufficient accuracy.
Using the ratios of the line fluxes alleviates the influence of the continuum but does not account for the Doppler effect. However, we expect the line velocity broadening of the shocked oxygen in the ejecta and of the shocked nitrogen in the ISM to be correlated. A time evolution of the dimensionless EWs of O VII/N VII (solid) and O VIII/N VII (dashed) for our models and different ISM densities is presented in Figure 3 .
The time when the profiles reach their maximum is determined by the energy of the respective explosion. The amplitude of the EW ratios depends on the amount of oxygen. In remnants younger than 100-200 yr the ISM nitrogen line is rather weak, which explains the high values of the EW ratios at this stage. At an age of several hundred years the nitrogen line becomes pronounced and the respective EW ratios drop.
At low ISM densities and early times of 100 yr (the left plot of Figure 3 ) the "deldet" and "merger" profiles both produce weak oxygen emission relative to nitrogen. Different oxygen abundance is balanced by the different explosion energy, so that the normalised oxygen emissivity is comparable. However, later (e.g. starting from 100 yr for the left plot with n 0 = 0.3 cm −3 ) the "merger" scenario yields higher oxygen emmisivity.
For the high density models the "merger" profiles clearly stand out compared to the other two cases. The profiles for the "deldet" model are lower, as this scenario has almost as much oxygen as the "subch" model while it is almost as energetic as the "merger" model. High velocity outer layers of the ejecta lead to the expansion of the forward shock (FS) as fast as in the "merger" model (see the dynamics in the left column plots of Figure 4 ) involving more nitrogen from the ambient medium, which reduces the respective normalized EW. Thus, relatively weak oxygen lines are normalized by the relatively bright nitrogen emission. At higher densities / later times (right panel of Figure 3 ), when the reverse shock takes over the inner layers of the ejecta, the oxygen emissivity of the "subch" and "deldet" models decreases more rapidly compared to the "merger". This is a consequence of the different oxygen distribution in the inner layers of the explosion models.
A few HD evolutionary models taking into account diffusive shock acceleration were also created. The modified models were built for n 0 = 0.3 cm P CR /P tot = 0.7, where P CR and P tot are the cosmic ray and the total pressure at the FS, respectively (Kosenko, Blinnikov & Vink 2011) . For demonstration purposes this parameter was chosen higher than typical values of q CR for SNRs (which are 0.5).
OXYGEN IN SUPERNOVA REMNANTS IN THE LARGE MAGELLANIC CLOUD
To determine whether the difference in the oxygen emission line properties can in principle be detected in SNR spectra, we considered XMM-Newton observations of two young remnants in the LMC: SNR 0509-67.5 (OBSID 0111130201) and SNR 0519-69.0 (OBSID 0113000501). We analyzed their RGS (den Herder et al. 2001 ) data using the standard method described in the XMMNewton ABC Guide (cleaned for soft protons and subtracted the background).
The spectra in the range of (0.45 − 0.7) keV were fitted with a power law and four Gaussians for the four lines of interest (C VI, N VII, O VII, and O VIII with the XSPEC 2 software package (Arnaud 1996) . The flux ratios were calculated as the ratios of the respective normalizations, the EW values are provided by the EQWIDTH utility applied to each Gaussian component.
Due to the poor data statistics, we did not apply the galactic foreground absorptions in these fits. This simplification is acceptable, because we do not use absolute values of fluxes. The best fit photon index for SNR 0509-67.5 is ∼ 3.8 ± 0.4 and for SNR 0519-69.0 is 0.7 ± 0.2. These measurements are in agreement with the low column density (n H <10 21 cm −2 ) found in Warren & Hughes (2004) in the SNR 0509-67.5 direction. In addition, spectral fitting of Kosenko et al. (2008) shows no evidence of the galactic interstellar absorption for this SNR. For SNR 0519-69.0, however, Kosenko, Helder & Vink (2010) reported n H 2.6×10 21 cm −2 . Even though the χ 2 /d.o.f. values of the fits are satisfactory (0.99 for SNR 0509-67.5 and 0.98 for SNR 0519-69.0), the quality of the data does not allow to estimate the parameters of the lines with adequate precision. The relative errors of the weak nitrogen line are rather large, reaching ∼ 70% (1σ). Thus, the derived fluxes and EWs should be used with caution and may serve only as approximate indications.
In order to confront the data with the models it is essential to know the dynamical properties and evolutionary stages of the remnants with sufficient accuracy. The analysis of SNR 0509-67.5 2 Version 12.7.1 data reported by Kosenko et al. (2008) gives an ISM density of n 0 = (0.4 − 0.6) cm (for an SN explosion of 10 51 erg). Using light echo measurements Rest et al. (2005) limited the age of SNR 0509-67.5 to 400 ± 120 yr. Measurements of Ghavamian et al. (2007) give an age in the range 300 − 600 yr. Badenes et al. (2008) suggested that the remnant originated 400 years ago and expands through an ISM with 0.4 cm −3 . They confirmed the results of Rest et al. (2008) where it was found that the SNR originated from an explosion similar to SN 1991T, releasing an energy of 1.4×10 51 erg and producing almost one solar mass of 56 Ni. The XMM Newton X-ray data from SNR 0519-69.0 studied by Kosenko, Helder & Vink (2010) provides an ISM density estimate of (2.4 ± 0.2) cm −3 and ∼ 0.4M of oxygen in the shocked ejecta. Note, that the oxygen abundance derived from the spectral fitting is about four times higher than in SNR 0509-67.5. The parametric studies (Kosenko, Ferrand & Decourchelle 2014) give n 0 = (0.5 − 1.0) cm −3 (for an explosion energy of 10 51 erg) and the light echo measurements of Rest et al. (2005) indicate an age of 600 ± 200 yr.
Even though in Kosenko, Ferrand & Decourchelle (2014) the ages for SNR 0509-67.5 and SNR 0519-69.0 were constrained to 300 − 400 yr and 600 − 700 yr, respectively, these spans are still too wide to identify the dynamical stages of these remnants. On the other hand, their angular dimensions are measured with relatively high accuracy due to the known distance to the LMC. Warren & Hughes (2004) reported a radius of 3.6 pc for the shell of SNR 0509-67.5 and the radius of the FS in SNR 0519-69.0 is 4.0 pc (Kosenko, Helder & Vink 2010) . Thus, in Figure 4 we show the evolution of the [O VII+O VIII]/[N VII] ratios of the EWs and fluxes mapped against the corresponding radius instead of the remnant's age (the middle and the right columns). The HD SNR evolutionary models 3 numerically computed by SUPREMNA for ISM densities of n 0 = 0.3 cm −3 , n 0 = 0.3 cm −3 with DSA, n 0 = 1.0 cm −3 , and n 0 = 2.0 cm −3 are depicted in the left columns of Figure 4 . The squares and the diamonds correspond to the measurements of SNR 0509-67.5 and SNR 0519-69.0 correspondingly.
The dynamical evolution profiles (left column) and the data show that for SNR 0509-67.5 the acceptable ISM density lies approximately in the range of (0.2−0.5) cm −3 for the "subch" model 4 , and of (0.3 − 1.0) cm −3 for the "deldet" and "merger" models. The oxygen emission profiles (in the middle and the right columns) exclude our "subch" model for n 0 0.5 (for simplicity no DSA assumed). In contrast, our "deldet" model matches the oxygen emissivity of SNR 0509-67.5 in the required dynamics range of n 0 = (0.3 − 1.0) cm −3 . However, keep in mind, that CR acceleration will change these estimates towards slightly lower values of n 0 .
For SNR 0519-69.0 the dynamical evolution requires n 0 (0.8 − 1.5) cm −3 for the "subch" model, and n 0 (1.5 − 2.5) cm
for the "deldet" and "merger" models. Even though, the available precision of the oxygen emission data does not exclude the "subch" model for this remnant, the measured amount of shocked oxygen of ∼ 0.4M (Kosenko, Helder & Vink 2010 ) renders this case implausible. According to these plots, our "merger" model matches the oxygen emissivity of SNR 0519-69.0 for the ISM density range of (1.5 − 2.5) cm −3 . However, at this stage the quality of the data (and the statistical significance of the fit) does not allow to make a definitive prediction.
RESULTS AND DISCUSSION
The method we describe here allows to constrain the explosion mechanism and progenitor scenario of thermonuclear SNe by investigating emission properties of their remnants. It is based on modeling the soft X-ray spectra produced by the shocked SN ejecta, which can be confronted with the observations of SNRs. This technique can be applied to any remnant of a thermonuclear explosion in order to constrain the nature of its explosion. Comparison of the model spectra with high spectral resolution RGS spectra from two LMC SNRs suggests that a robust identification of the progenitor scenario may be achieved with high quality data.
Note that for our simulations of the remnant phase we had to use spherically averaged versions of the 3D explosion models described in Section 2, which are generically asymmetric. This may affect the shape and strength of the predicted line features. A proper modeling of the synthetic spectra requires a 3D treatment of the SNR evolution which could be addressed in future studies.
By relating the oxygen emission lines to those of nitrogen we grade most of the uncertainties in the nature of the underlying continuum. The corresponding emission lines lie close to each other in the spectrum and originate from adjacent regions in the shell, however separated by the contact discontinuity.
Our best guess for the ISM density of ∼ 0.5 cm −3 for SNR 0509-67.5 agrees with almost all other measurement and with HD models where an explosion of 1.4×10 51 erg is adopted. Using the presented technique we find that the most probable progenitor of SNR 0509-67.5 is our delayed detonation model (1.4×10 51 erg, ∼ 0.6 M of 56 Ni). Rest et al. (2008) and Badenes et al. (2008) matched this remnant with a delayed detonation model more abundant in 56 Ni (∼1M ), but of the same explosion energy. If that is the case, our comparison with the "subch" and the "deldet" models may be significantly affected. For these two models, the amount of oxygen in the ejecta will be significantly lower if the 56 Ni mass increases to 1M . Moreover, from light echo observations Rest et al. (2008) classified SNR 0509-67.5 as 91T-like SN Ia, but none of our models would resemble a 91T-like explosion at early epochs.
It is still unclear how the explosion mechanism affects the morphology of SNRs expanding into a uniform medium. SNR 0509-67.5 shows a rather spherical shape ( Fig. 1 in Warren & Hughes 2004 ) which seems natural for single degenerate scenario. For merger remnants in contrast one would expect a more asymmetrical structure. However, a study of showed no evidence of a surviving companion star in SNR 0509-67.5, challenging an origin from a delayed detonation in a singledegenerate progenitor and indicating a WD merger. As this remnant does not show an oxygen overabundance in its spectra, this could imply an oxygen-poor merger scenario, which could occur if the secondary star is not disrupted, leaving ejecta much more similar to a "subch" model than our "merger". However, in this case there will also be a compact remnant (the secondary WD) left, although very faint and probably undetectable.
In contrast, SNR 0519-69.0 has a tilted axisymmetric morphology ( Fig. 1 in Kosenko, Helder & Vink 2010 ) and our analysis suggests that the most plausible progenitor for this remnant is an oxygen-rich merger. This is in concordance with the high oxygen abundance found by Kosenko, Helder & Vink (2010) and also in agreement with conclusions of Edwards, Pagnotta & Schaefer (2012) derived from the absence of a companion star in the center of the SNR. In this scenario, the respective ISM density of ∼ 2.0 cm −3 reconciles the X-ray measurements and the HD simulations with explosion energy of 1.6×10 51 erg. Nevertheless, considerably higher quality of the RGS data is required in order to derive more reliable conclusions on these SNRs. We note that a SN type Ia progenitor can modify the ambient medium through mass outflow and produce a structured and probably clumpy bubble. This should have noticeable effect on the remnant evolution. Chiotellis et al. (2013) have shown how a nonuniform circumstellar medium (CSM) around a SN progenitor will affect the SNR's evolution and eventually also its X-ray emission. They modelled the remnant of SN 1572 (Tycho) by means of the SUPREMNA code. However, within the scope of the present paper we focus on the variations caused by different explosion mechanisms only. A more detailed approach would require self-consistent models of stellar evolution and an explosion model coupled to a realistic wind profile. The presence of dense clouds in the vicinity of a supernova could alter the overall properties the remnant's X-ray emission, but in comparison to the effects caused by differences in the chemical composition of the ejecta these effects should be small. In addition, we note that it is commonly assumed that these LMC remnants expand into a uniform medium.
CONCLUSION
A method based on state-of-the-art 3D simulations of thermonuclear SN explosions, coupled with hydrodynamic calculations of the SNR's evolution, making use of the most up-to-date atomic data, was used to study the properties of oxygen emission lines in synthetic X-ray spectra. It was shown that confronting these models with observations of young SNRs can help to identify the nature of their progenitors. Our results suggest that for SNR 0519-69.0 an oxygen-rich merger is the preferred scenario whereas SNR 0509-67.5 could be either the result of a delayed-detonation explosion or an oxygen-poor merger. Even though, at present, the quality of data available is insufficient to draw robust conclusions, combining different observations and data allows narrowing down possible scenarios.
